Abstract Beaming effect is important for the observational properties of blazars. In this work, we collect 91 F ermi blazars with available radio Doppler factors. γ-ray Doppler factors are estimated and compared with radio Doppler factors for some sources. The intrinsic (de-beamed) γ-ray flux density (f in γ ), intrinsic γ-ray luminosity (L in γ ), and intrinsic synchrotron peak frequency (ν in p ) are calculated. Then we study the correlations between f in γ and redshift and find that they follow the theoretical relation: log f = −2.0 log z + const. When the subclasses are considered, we find that stationary jets are perhaps dominant in low synchrotron peaked blazars. 63 F ermi blazars with both available short variability time scales (∆T ) and Doppler factors are also collected. We find that the intrinsic relationship between L 
INTRODUCTION
Two major subclasses of active galactic nuclei (AGNs) are radio loud AGNs and radio quiet AGNs. The radio-loud AGNs are blazars that have high and variable polarization, rapid and high amplitude variability, superluminal motions, and strong γ-ray emissions, etc. Blazars have two subclasses, namely flat spectrum radio quasars (FSRQs) and BL Lacertae objects (BL Lacs). The difference between the two subclasses is mainly that BL Lacertae objects show very weak (or even no) emission line features while FSRQs display strong emission lines. However, the continuum emission properties of BL Lacs and FSRQs are quite similar (Zhang & Fan 2003; Fan et al. 2009 Fan et al. , 2014a Xiao et al. 2015) . BL Lac objects were separately discovered through radio or X-ray surveys, and were divided into radio selected BL Lacertae objects (RBLs) and X-ray selected BL Lacertae objects (XBLs). From spectral energy distributions (SEDs), blazars can be divided into low synchrotron peaked (LSP, ν classification method, as follows: ν s peak < 10 14 Hz for LSP, 10 14 Hz < ν s peak < 10 15.3 Hz for ISP, and ν s peak > 10 15.3 Hz for HSP. We also pointed out that there is no ultra-HSP blazars .
Blazars have strong γ-ray emissions, some of them even were detected in TeV energy region (Weekes T. C. 1997; Catanese & Weekes 1999; Holder, 2012; Xiong et al. 2013; Lin & Fan 2016) . But the origin of high energy emissions are still unclear. The Fermi Large Area Telescope (LAT) was launched in 2008, and detected many blazars at γ-ray energy region (Abdo et al. 2010b; Nolan et al. 2012; Acero et al. 2015; Ackermann et al. 2015) . Compared with the predecessor the Energetic Gamma Ray Experiment Telescope (EGRET), the Fermi/LAT satellite has unprecedented sensitivity in the γ-ray band (Abdo et al. 2010a ). The 3rd Fermi Large Area Telescope source catalog (3FGL) contains 3033 sources (see Acero et al. 2015) , which gives us a large sample to analyze the mechanism of γ-ray emissions and other observed properties for blazars.
Beaming effect is included in the explanations of the whole electromagnetic emissions including γ-ray emissions for blazars, and many authors found that their γ-ray emissions have strong beaming effect (eg., Fan et al. 1999a Fan et al. , 2013a Fan et al. , 2014b Fan et al. , c, 2015b Fan, 2005; Ruan et al. 2014; Chen et al. 2015 Chen et al. , 2016 Cheng et al. 1999) . Correlations are found between γ-ray emissions and other bands, and gammaray loud blazars are found to have larger Doppler factors than non-gamma-ray loud ones (Dondi & Ghisellini 1995; Valtaoja & Teräsranta 1995; Xie et al. 1997; Fan et al. 1998; Cheng et al. 2000; Jorstad et al. 2001a, b; Lähteenmäki & Valtaoja 2003; Kellermann et al. 2004; Lister et al. 2009; Savolainen et al. 2010; Zhang et al. 2012; Li et al. 2013; Xiong et al. 2013; Wu et al. 2014; Xiao et al. 2015; Chen et al. 2016; Pei et al. 2016) .
In a beaming model, the relativistic jet emissions are boosted, f ob = δ q f in , here f in is the intrinsic (de-beamed) emissions in the source rest frame, δ is a Doppler boosting factor, q depends on the shape of the jet: q = 2 + α for the stationary jet, q = 3 + α for the jet with distinct "blobs", and α is an energy spectral index (f ν ∝ ν −α ). The Doppler boosting factor, which is defined as δ = [Γ(1 − β cos θ)] −1 , is important to investigate the intrinsic properties of blazars. But it depends on two unobservable factors: the bulk Lorentz factor, Γ = (1 − β 2 ) −1/2 , and the viewing angle, θ, here β is the jet speed in units of the speed of light (see Fan et al. 2009; Savolainen et al. 2010) .
Some methods are proposed to estimate the Doppler factors. Ghisellini et al. (1993) gave a method of estimating the Doppler factors, which was based on the synchrotron self-Compton model. This method assumes the X-ray flux originates from the self-Compton components, so a predicted X-ray flux can be calculated by using Very Long Baseline Interferometry (VLBI) data. By comparing this to the observed X-ray flux, the Doppler boosting factors can be calculated. After that, Lähteenmäki & Valtaoja (1999, hereafter LV99) proposed a more accurate and reliable method: the variability brightness temperature of the source (T 1/3 . When the variability timescales are obtained from total flux density (TFD) observation, the variability brightness temperature can be calculated by using exponential flares and the variability timescales (LV99, see also Fan et al. 2009; Hovatta et al. 2009 ).
Because of the short term variability, a highly compact engine exists at the center of blazars. The balance between gravitation and radiation pressure determines an upper limit of luminosity, namely Eddington luminosity, for any active galactic nuclei (Bassani et al. 1983) . If the short variability time scale is assumed to be equal or greater than the time that light travels across the Schwarzschild radius of a black hole, then the observed luminosity and short variability time scale should obey to the so called Elliot & Shapiro Relation (E-S Relation): logL ≤ 43.1 + log ∆T (Elliot & Shapiro 1974) , where L is luminosity in units of erg/s, and ∆T is variability time scale in units of second (s). Generally, short variability time scale is assumed to be the time scale which is shorter than one week (Fan 2005) . When the anisotropy of emissions is considered, above limit was replaced by the Abramowicz & Nobili Relation (A-N Relation): logL ≤ 44.3 + log ∆T (Abramowicz & Nobili 1982) .
The intrinsic properties are required to analyze the origin of γ-ray emissions for blazars. In our recent work of Xiao et al. (2015) , we considered the beaming effect of Fermi blazars in Nolan et al. (2012) (2FGL) , then analysed the correlation between γ-ray flux density and redshift for 73 blazars, and the relation between γ-ray short variability time scale and γ-ray luminosity by comparing with the E-S Relation and the A-N Relation for 28 blazars. In this work, we use a larger sample to revisit the relation between γ-ray flux density and redshift, and the relation between γ-ray luminosity and short variability time scale. The subclasses of blazars, and the short variability time scale from X-ray and optical bands are also considered. Then we have 91 Fermi blazars with available radio Doppler factors and 63 Fermi blazars with both available short variability time scales and Doppler factors. γ-ray Doppler factors are estimated for the Fermi blazars with available short variability time scales at optical, X-ray or γ-ray band. In addition, the correlation between γ-ray emissions and synchrotron peaked frequency is also studied in this work. This work is arranged as follows: we will describe our sample and corresponding results in section 2, and give some discussions and conclusions in section 3.
SAMPLE AND RESULTS

Sample
In this work, we collect blazars with available radio Doppler factors from the literatures: LV99, Fan et al. (2009 ), Hovatta et al. (2009 and Savolainen et al. (2010) . These references used the same method introduced by LV99. If the Doppler factors of some sources are available in more than one reference, we choose the value from the latest paper. Based on the third catalog of active galactic nuclei detected by the Fermi Large Area Telescope (3LAC) 1 , we collect a sample of 91 Fermi blazars with available radio Doppler factors, which are listed in Table 1 . In Table 1 , γ-ray data are from 3LAC, only that for PKS 2145+06 is from 2LAC 2 (Ackermann et al. 2011 ). We get the Fermi integral photon flux at 1-100 GeV, as we did in our previous works (Fan et al. 2013a (Fan et al. , 2014b 
where α ph is a photon spectral index, here α ph = α − 1. Then the flux density at energy E 0 in units of GeV/cm 2 /s/GeV can be expressed as
where N (EL∼EU) is integral photons in units of ph/cm 2 /s in the energy range of E L ∼ E U . Because the integral flux in GeV/cm 2 /s can be obtained by
For the Fermi sources in this work, E L and E U correspond to 1 GeV and 100 GeV respectively. The synchrotron peak frequency (logν 
where X = 1 − 1.262α RO − 0.623α OX , and Y = 1.0 + 0.034α RO − 0.978α OX , α RO and α OX are the effective spectral indexes. For PKS 2145+06, we can get α RO = 0.666 and α OX = 1.283 from 2LAC, so we obtain log ν s p = 13.29 Hz.
γ-ray Flux Density and Redshift
Our sample in Table 1 contains 32 BL Lacs and 59 FSRQs, or 40 ISP and 51 LSP based on the SED classification in Fan et al. (2016) . In this work, we transform the γ-ray integral photon flux at 1-100 GeV into the flux density in units of mJy at E 0 = 2GeV by using the equation (1), and adopt a linear regression to the correlation between flux density and redshift for the whole sample, BL Lacs, FSRQs, ISP, and LSP respectively. All the fluxes are K-corrected by using f = f obs (1 + z) α−1 . Whole sample: For the whole sample of 91 blazars, we have log f γ = −(0.01 ± 0.15) log z − (8.96 ± 0.06) with a correlation coefficient r = −0.01 and a chance probability p = 93.08%. As we introduce in the Section 1, we can calculate the intrinsic flux density, then we have log f in γ = −(1.82 ± 0.30) log z − (12.44 ± 0.13) with r = −0.54 and p = 2.98 × 10 −8 for the case of q = 2 + α, and log f in γ = −(2.32 ± 0.37) log z − (13.46 ± 0.16) with r = −0.55 and p = 1.66 × 10 −8 for q = 3 + α. The corresponding figure is shown in Fig. 1 .
BL Lacs: For the 32 BL Lacs, we have log f γ = −(0.13±0.24) log z−(9.05±0.13) with r = −0.10 and p = 59.96%; log f in γ = −(1.30 ± 0.47) log z − (11.82 ± 0.26) with r = −0.45 and p = 1.03% for q = 2 + α; and log f 
Short Variability Time Scale and Luminosity
Observations suggest that γ-ray loud blazars are variable on time scales of hours although there is no preferred scale for the variation time of any source (Fan et al. 2014a ). For example, Fermi LAT detected a variability time scale of ∼12 hour for PKS 1454 − 354 (Abdo et al. 2009) , and a doubling time of roughly 4 hours for PKS 1502+105 (Abdo et al. 2010c ). In the literatures, available short variability time scales are collected, eg., Bassani et al. (1983) , Dondi & Ghisellini (1995) , Fan et al. (1999a) , Gupta et al. (2012) , Vovk & Neronov et al. (2013) .
For the sources with available short variability time scales, X-ray, and γ-ray emissions, we can estimate their γ-ray Doppler factors. Follow our recent work (Fan et al. 2013b (Fan et al. , 2014a , a Doppler factor can be estimated using:
here ∆T is the variability time scale in units of hrs, α is the X-ray spectral index, F KeV is the flux density at 1 KeV in units of µJy, E γ is the energy in units of GeV at which the γ-rays are detected, and d L is the luminosity distance in units of Mpc. The average energy E γ can be calculated by E γ = EdN/ dN , and the luminosity distance can be expressed in the form (Capelo & Natarajan 2007) with Ω Λ ≃ 0.7, Ω M ≃ 0.3 and Ω K ≃ 0.0. We adopt H 0 = 73 Km/s/Mpc throughout the paper. Then, we estimate the γ-ray Doppler factors (δ γ ) of 63 blzazrs, and show them in Table 2 .
To compare γ-ray Doppler factors estimated in this work with radio Doppler factors, we show the plot of γ-ray Doppler factors against radio Doppler factors in Fig. 4 . We find that the γ-ray Doppler factors that we estimated are on average lower than the radio Doppler factors. The reason maybe from the fact that the derived value in this work is a lower value as discussed in Fan et al. (2014a) .
The luminosity can be calculated using L γ = 4πd
where F γ is the integral flux calculated by equation (2), (1 + z) α−1 stands for a K-correction into the source rest frame (Fan et al. 2013a; Kapanadze 2013) . In a beaming model, the observed photon energy are also beamed,
in for the case of q = 3 + α, and ∆T in = δ∆T ob . Here L in and ∆T in are the intrinsic luminosity and the intrinsic variability time scale respectively.
For calculating L in γ and ∆T in , we use radio Doppler factors in Table 1 , but if there is no available radio Doppler factor, we used γ-ray Doppler factors in Table 2 instead. When the Doppler boosting effect is considered, the plot of short variability time scale against the γ-ray luminosity is shown in Fig.  5 , where the observed properties and intrinsic properties are shown respectively. Then we find that 9 blazars violate the E-S or A-N relation in L 
γ-ray Emissions and Synchrotron Peaked Frequency
For the whole 91 blazars, the linear regression analysis is adopted to the correlations between γ-ray flux density (log f γ ) and synchrotron peak frequency (log ν As results shown in Section 2.2 and in Lin & Fan (2016) , γ-ray flux density is strongly correlated with redshift, therefore the correlations between γ-ray emissions and peak frequency maybe caused by a redshift effect. In our recent works (Fan et al. 2013a (Fan et al. , 2015a Lin & Fan 2016) , we have removed the redshift effect from luminosity-luminosity correlation by using the partial correlation introduced by Padovani (1992) . If variables i and j are correlated with a third one k, then the correlation between i and j can remove the k effect, as follows:
here r ij , r ik , r jk are the correlation coefficients between any two variables of i, j and k respectively. When the method is performed to the log f in γ -log ν in p correlation, then the correlation coefficients excluding the redshift effect for the whole sample are as follows: r f ν,z = 0.56 with p f ν,z = 8.09 × 10 −9 for q = 2 + α, and r f ν,z = 0.59 with p f ν,z = 7.52 × 10 −10 for q = 3 + α.
DISCUSSION AND CONCLUSION
In this work, we collect 91 blazars with available radio Doppler factors, and calculate their intrinsic γ-ray flux density (log f in γ ) at 2 GeV, and intrinsic synchrotron peak frequency (log ν in p ). Then the correlations between between log f in γ and redshift, and between log f in γ and log ν in p are investigated. We also study the intrinsic relation between short variability time scale (∆T in ) and γ-ray luminosity (log L in γ ) for 63 blazars by comparing to the E-S and A-N Relations.
In our recent work, we compared the γ-ray Doppler factors (δ γ ) with the radio Doppler factors (δ R ), and found they are associated with each other, see Fan et al. (2014a) . So that we can investigate the beaming effect in γ-ray band by using the radio Doppler factors. We also found that the radio Doppler factor well correlates with γ-ray luminosity for the Fermi detected sources, see Fan et al. (2009) . In this work, we find that log f in γ of FSRQs are smaller than that of BL Lacs with a probability for the two groups to come from the same distribution (Kolmogorov-Smirnov test) being p < 10 −5 for q = 2 + α and q = 3 + α. The averaged values of log f in γ are < log f in γ >= −12.52 ± 1.12 (q = 2 + α), < log f in γ >= −13.56 ± 1.38 (q = 3 + α) for FSRQs; and < log f in γ >= −11.25 ± 1.00 (q = 2 + α), < log f for q = 2+α, and ∆(log f in γ ) = 1.61±0.30 with p < 10 −6 for q = 3+α, while the averaged difference of the observed flux density (log f γ ) is ∆(log f γ ) = 0.05 ± 0.11 with p = 64.23%.
γ-ray Flux Density and Redshift
We analyse the whole 91 Fermi blazars, and find that log f γ is weakly correlated with the redshift (r = −0.01, and slope is −0.01 ± 0.15). The result is different from our expectation: log f = −2.0 log z + const, if blazars belong to a group. But when we consider the strong beaming effect of γ-ray emissions for Fermi blazars, we find that log f in γ is strongly correlated with redshift as follows: log f in γ = −(1.82± 0.30) log z − (12.44 ± 0.13) with r = −0.54 and p = 2.98 × 10 −8 for q = 2 + α, and log f in γ = −(2.32 ± 0.37) log z − (13.46 ± 0.16) with r = −0.55 and p = 1.66 × 10 −8 for q = 3 + α. In our recent work (Xiao et al. 2015) , we found that log f in γ and redshift have strong correlation (p < 10 −4 ) with the slopes being −2.05 ± 0.32 (q = 2 + α) and −2.55 ± 0.34 (q = 3 + α). The results in present work suggest that log f in γ and the redshift follow the theoretical relation, which is consistent with that in our previous work (Xiao et al. 2015) .
For subclasses of blazars, some similar correlation results are found, but their slopes are different slightly. The slopes of correlations between log f in γ and redshift are −1.30 ± 0.47 (BL Lacs), −1.34 ± 0.45 (FSRQs), −1.33 ± 0.44 (ISP), and −1.95 ± 0.44 (LSP) for the case of q = 2 + α; and those are −1.65 ± 0.61 (BL Lacs), −1.73 ± 0.55 (FSRQs), −1.67 ± 0.54 (ISP), and −2.51 ± 0.55 (LSP) for q = 3 + α. In our results, slopes of BL Lacs are very close to those of FSRQs, and they favor the jet case of q = 3 + α. However, for the whole sample, the results of slopes indicate that two jet cases exist in blazars, since slopes being −1.82 ± 0.30 for q = 2 + α, −2.32 ± 0.37 for q = 3 + α, and ∼ −2.0 for theoretical relation. For the SED classification, results of slopes suggest that ISP blazars favor the jet case of q = 3 + α, while LSP blazars favor the jet case of q = 2 + α. Those results indicate stationary jets (q = 2 + α) are perhaps dominant in LSP blazars. A possible explanation of those results is that differences of synchrotron peaked frequency caused by the physical differences of blazars, such as the different forms of relativistic jets. In Xiao et al. (2015) , we suggested that the continues case (q = 2 + α) of jet is perhaps real for Fermi blazars, however, we did not discuss the subclasses at that work. In the present work, we can not discuss this further since there is no Doppler factor for HSP blazars.
Short Variability Time Scale and Luminosity
For the whole sample of 63 blazars, our results show that 9 blazars violate the E-S or A-N relation in L ob γ versus ∆T ob , while the whole sample follows the E-S and A-N relations in L in γ versus ∆T in , see Figs. 5 and 6. In our recent work (Xiao et al. 2015) , some similar results are found for a sample of 28 blazars. Different subclasses of blazars have different properties, for instance, FSRQs have strong emission lines, so that can be determined the redshift easier and more accurate than BL Lacs, FSRQs have higher redshift and lower synchrotron peaked frequency than BL Lacs statistically. Therefore, for further analysis, the subclasses of blazars are considered. We find that 9 FSRQs violate the E-S relation and 3 FSRQs violate the A-N relation in L ob γ versus ∆T ob , but all blazars follow those relations in their intrinsic properties. In addition, the averaged values of radio Doppler factors is < δ R > = 6.50 ± 4.87 for 32 BL Lacs, and < δ R > = 13.47 ± 8.04 for 59 FSRQs. From a K-S test, the probability that the distributions of δ R for BL Lacs and FSRQs to be drawn from the same parent distribution is p = 6.87×10 −5 . Thus, the Doppler factors of FSRQs are larger than that of BL Lacs, which is consistent with our previous result (Fan et al. 2004) . From above analysis, we find that beaming effect is an important reason that causes the blazars to violate the E-S and A-N relations, and FSRQs have stronger beaming effect than BL Lacs.
γ-ray Emissions and Synchrotron Peaked Frequency
There is no correlation between log f γ and log ν s p with r = 0.07 and p = 51.51%. However, strong positive correlations are found between log f in γ and log ν in p for the whole sample. Those correlation coefficients and chance probabilities are r = 0.65 and p = 2.54 × 10 −12 for the case of q = 2 + α, and r = 0.68 and p = 1.97 × 10 −13 for q = 3 + α. When the redshift effect is removed, strong positive correlations still exist between them. In Lister et al. (2011) , strong anti-correlations are found between observed radio flux density at 5GHz and synchrotron peak frequency for BL Lacs and FSRQs. From results in Lister et al. (2011) and this work, the anti-correlations (or no correlation) between observed flux densities and synchrotron peak frequency are significantly different with the positive correlations in intrinsic properties. Thus, the beaming effect can not be ignored when we investigate the physical mechanism of blazars.
The blazars sequence, which is defined by the anti-correlation between peak luminosity and peak frequency, can be explained by the cooling effect Ghisellini et al. 1998; Wu et al. 2007; Nieppola et al. 2008 ). However, that theoretical explanation of blazars sequence doesn't consider the beaming effect. Therefore, the intrinsic correlation between peak luminosity and peak frequency is needed to investigate the blazars sequence. correlation indicates that there is almost no difference of the order of blazars along the peak frequency between before and after considering the beaming effect. Thus the sequence of blazars would not be eliminated in intrinsic properties, although the relation between luminosity and peak frequency is changed significantly. And the observed blazars sequence is highly associated with the intrinsic one. Therefore, a new theoretical explanation is needed for the intrinsic blazars sequence. In addition, we noticed that the intrinsic blazars sequence could change what we know about blazars, such as the black hole mass difference between BL Lcas and FSRQs.
The positive correlation between γ-ray emissions and peak frequency indicates that the synchrotron emissions are highly correlated with γ-ray emissions. From the synchrotron self-Compton (SSC) process, γ-ray emissions are produced by the inverse Compton scattering process from synchrotron emissions. So that they should be associated with each other. In addition, we suppose that f relations can be used to estimate the Doppler boosting factors. However, larger sample is needed to find more accurate correlations.
Conclusion
In this work, we collect 91 Fermi blazars with available Doppler factors, and investigate the correlations between intrinsic flux density and redshift for the whole sample, BL Lacs, FSRQs, ISP, and LSP respectively. Then, we estimate γ-ray Doppler factors of 63 blazars, and study the relationship between γ-ray luminosity and short variability time scale for those blazars. The observed and intrinsic correlations between the γ-ray flux density and synchrotron peak frequency are also investigated for the whole blazars sample. Our main conclusions are as follows:
1) The correlation between f in γ and redshift follows the theoretical relation: log f = −2.0 log z + const. When the subclasses are considered, we find that the stationary jets are perhaps dominant in LSP blazars.
2 3) Strong positive correlation between f in γ and ν in p is found, which suggests that synchrotron emissions are highly correlated with γ-ray emissions. Fig. 1 Polt of the γ-ray flux density against the redshift for the whole 91 blazars. The circle symbols stand for the observed values, the triangle symbols stand for the intrinsic values estimated in the case of q = 2 + α, the rhombus symbols stand for the intrinsic values estimated in the case of q = 3 + α. Fig. 2 Polt of the γ-ray flux density against the redshift for 32 BL Lacs (upper panel) and 59 FSRQs (lower panel). The circle symbols stand for the observed values, the triangle symbols stand for the intrinsic values estimated in the case of q = 2 + α, the rhombus symbols stand for the intrinsic values estimated in the case of q = 3 + α. Fig. 7 Plot of the γ-ray flux density against the synchrotron peak frequency for the entire 91 blazars. The circle symbols stand for the observed values, the triangle symbols stand for the intrinsic values estimated in the case of q = 2+α, the rhombus symbols stand for the intrinsic values estimated in the case of q = 3 + α. (6) band at which ∆T is detected; Col. (7) reference of Col. (3), (5) and (6); Col. (8) and (9) X-ray flux in units of 10 −12 erg/cm 2 /s at 0.1-2.4 keV and it's reference. Col.
(10) and (11) X-ray spectral index and it's reference; Col. (12) and (13) Vovk & Neronov (2013) . If a source has short variability time scales in different references, the value in the latest one is considered.
